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of yours truly; but now the CV of a 
successful applicant looks like that 
of a newly minted full Professor from 
olden times. Notwithstanding these 
demands, and the associated high 
quality of a fledgling faculty- level 
type, the job starts with some 
‘set- up’ money for equipping the lab; 
but next to no means are provided 
to initiate that ‘research program’ 
and to sustain it during the years 
to come. US institutions (possibly 
also those in other countries) 
behave as though they and their 
PIs are entitled to research funding, 
which will magically materialize 
from elsewhere: ‘Get a grant, serf! 
If you can’t do it quickly, or have 
trouble for some years — or if your 
funding doesn’t get renewed, despite 
continuing productivity — forget 
it!’ But what if there are so many 
applicants (as there are nowadays) 
that even a meritorious proposal gets 
the supplicant nowhere or causes a 
research group to grind prematurely 
to a halt? What if the situation is 
worsened when the government at 
hand is anti-science and otherwise 
squanders its resources on 
international adventurism? 
Unlike most professionally 
based endeavors, the business of 
biology gives you only the spatial 
wherewithal to do the work for which 
you were hired. You get nothing for 
the personnel required to function, let 
alone for all the items needed to get 
through a given week of work. Might 
an institution imagine that it should 
devote part of its ‘capital fundraising’ 
toward endowing the ongoing 
research of its employees — at 
least so that no such effort would 
abruptly sink to the null point? The 
answer is ‘nice try: we will raise 
funds, but we’ll put them all into 
building buildings — in order to fill 
them with additional hires, who will 
be as haplessly on-their-own as is 
ill-fated you.’ Having said all this, I 
acknowledge that ‘I got mine’ from 
the government over the course of 
many years. Thus, as I say ‘so long,’ 
one component of my last- gasp 
disquiet stems from pompously 
worrying about biologists who are 
starting out or are in mid- career.
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What is yolk? Yolk is the food 
deposited in the eggs of animals that 
will provide the energy and building 
blocks required for development and 
growth. Yolk comes in different forms, 
but the term ‘yolk’ probably originally 
referred to the familiar amniote  
eggs that give rise to reptiles, birds  
and omelettes.
How is yolk ‘eaten’? In amniotes, 
the embryo forms from cells that sit 
on top of the denser, more opaque 
yolk. As the embryo develops, it 
forms a yolk sac, which acts as 
an extraembryonic gut, taking up 
substances from the yolk, digesting 
them and distributing nutrients to the 
embryo proper via the circulation. 
Many animals (e.g. many insects, 
octopuses, fish, reptiles, marsupial 
mammals) use yolk sacs to feed the 
embryo (Figure 1A). But there are 
also a number of animal groups (e.g. 
nematodes, sea urchins and almost 
all amphibians) that do not develop a 
yolk sac. In such organisms, the yolk 
is less conspicuous and is perhaps 
best defined as the nutritional reserves 
provided by the mother, including yolk 
platelets, fat droplets and glycogen. 
These reserves are inherited from the 
egg cytoplasm by all of the embryonic 
cells and are consumed intracellularly 
during development (Figure 1B,C). The 
patterns mentioned above need not be 
mutually exclusive. During later stages 
of amphibian embryogenesis, for 
instance, the developing gut appears 
to feed the rest of the embryo by 
digesting its intracellular yolk,  
thus functioning much like a yolk  
sac. Conversely, in embryos with yolk 
sacs, a small amount of yolk might 
infiltrate the embryonic cells.
What are yolk platelets? Yolk 
platelets are usually the dominant 
components of yolk. In fact, yolk 
platelets are often the dominant 
components of eggs. In the African 
clawed frog, Xenopus laevis, yolk 
platelets make up 50% of the egg 
volume and 80% of the egg protein. 
Yolk platelets come in a number of 
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Figure 1. Diversity of yolk.
(A) A big ball of yolk underlies the zebrafish 
embryo and is being consumed by a yolk 
sac (Photograph by Steven J. Baskauf). (B) 
In Xenopus embryos, yolk platelets (white 
and/or blue spheres) are prominent in all 
cells early in development. (C) Yolk platelets 
(white spheres) are scattered throughout the 
developing C. elegans embryo. (D) Mosquito 
oocytes contain yolk platelets with central 
crystals of Vitellogenin derivatives (PR). (Re-
produced with permission from Roth, T.F. and 
Porter, K.R. (1964). Yolk protein uptake in the 
oocyte of the mosquito Aedes aegyptii. J. 
Cell Biol. 20, 313–322. Rockefeller University 
Press.)
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wide yolk granules of the nematode 
Caenorhabditis elegans, to the 
1- 14 µm yolk platelets of X. laevis, 
to the yolk spheres of chicken eggs, 
which can reach a diameter of 
140 µm. Despite this diversity, yolk 
platelets appear to be evolutionarily 
homologous organelles — a fact 
betrayed by shared contents and a 
common mechanism of formation. 
Yolk platelets are almost always filled 
with polypeptides derived from the 
conserved lipoprotein vitellogenin. 
Vitellogenin is extracted from maternal 
body fluids by receptor mediated 
endocytosis at the oocyte surface. 
Often, it is processed into smaller 
derivatives, called lipovitellins 
or vitellins, and concentrated in 
yolk platelets, which appear to 
be specialized late endosomes or 
lysosomes with very low hydrolytic 
activity (Figure 1D). 
Vitello-what? Vitellogenin. 
Vitellogenin is an ancient and 
conserved protein that is the 
predominant yolk protein of most 
egg-laying animals — with the notable 
exceptions of higher Dipterans  
(e.g. the fruit fly Drosophila) and 
sea urchins. Vitellogenin is secreted 
by different maternal organs in 
different animals — for example, the 
intestine in nematodes or the liver in 
vertebrates — but is apparently never 
synthesized by the oocyte itself. In 
some animals, including mosquitoes 
and amphibians, vitellogenin 
derivatives crystallize in the yolk 
platelets. Such crystals minimize 
the space required to store the 
vitellogenin derivatives and thereby 
help minimize egg volume. 
Do mammals have yolk? Yes and no. 
Monotremes, such as the platypus, 
and marsupials, such as kangaroos, 
have large, yolky eggs. Placental 
mammals, by contrast, have small 
eggs without yolk platelets. But yolk is 
not easily forgotten during evolution. 
Even placental mammals still form 
extraembryonic yolk sacs and these 
are by no means useless vestiges. 
The first differentiated cell types in 
mammals, blood cells, form in the  
yolk sac. Rat yolk sacs can take up 
and degrade protein from maternal 
fluids and then transmit the resulting 
amino acids to the embryo. So, the 
yolk sac may serve an early, nutritional 
role in placental mammals. What impact has yolk had on 
animal evolution? Plenty. Producing 
yolk means a serious maternal 
investment. Limited resources ensure 
that in every generation of animal, 
there is a crucial trade-off between 
the number of eggs and the size of 
those eggs. As egg size is largely 
set by yolk platelet content in many 
egg-laying animals, this trade-off can 
boil down to how much vitellogenin 
each oocyte is permitted to take 
up. The divergence of amniotes 
from ancestral amphibians was 
conceivably associated with massive 
increases in amniote egg size 
and yolk content. This increased 
yolk content might have driven 
developmental innovations. The 
formation of the embryo proper 
from cells that lie on top of the yolk 
overcame the need to cleave the 
giant, dense amniote egg in half. 
Gastrulation, the movement of the 
future gut into the interior of the 
embryo, has also greatly diverged 
from the ancestral pattern. The teleost 
fishes independently evolved similar 
adaptations. The corresponding 
constraints on amphibian 
development, namely the need to 
cleave the whole egg in half and the 
incorporation of the entire yolk mass 
during gastrulation, may explain why 
frog and salamander eggs are never 
much larger than one centimeter. 
Intriguingly, the third amphibian 
order, the worm-like caecilians, has 
somehow evolved ways of developing 
from much larger eggs (>3 cm). How 
caecilians overcome this obstacle 
remains to be seen.
When did yolk evolve? Due to 
the remarkable breadth of research 
into yolk platelets and vitellogenin 
across the phyla, one can state with 
some confidence that the eggs of 
the common ancestor of all bilateral 
animals (the Urbilaterian) contained 
yolk platelets stuffed with vitellogenin 
derivatives. The resulting embryos 
probably did not develop a yolk sac 
but instead passaged and consumed 
yolk platelets intracellularly; perhaps 
using the very mechanisms extant 
but still largely uncharacterized in 
modern nematodes and amphibians. 
The recent discovery of vitellogenin 
homologues in the eggs of the 
coral Galaxea fascicularis and in 
the genome of the sea anemone 
Nematostella vectensis suggests 
that aspects of this model may extend to the shared ancestor of all 
animals. Consistently, remarkable 
fossil embryos from the Doushantuo 
Formation that predate the Cambrian 
explosion and the appearance of 
the extant animal phyla contain 
organelles suggestive of yolk 
platelets.
Are all questions about yolk 
answered then? Vitellogenin 
synthesis and yolk platelets have 
been studied in a great many species, 
but not necessarily in the depth 
permitted by common laboratory 
organisms. Thus, there is still 
much to be discovered. Strikingly, 
the molecular biology of yolk 
consumption is almost completely 
unexplored. Perhaps the most 
interesting questions concern how 
embryonic nutrition is controlled. How 
do embryos and their tissues activate 
yolk platelet breakdown only when it 
is required? For instance, in embryos 
with intracellular yolk consumption, 
how do cells sense that they 
need amino acids or other limiting 
nutrients? How do embryos signal to 
the gut or yolk sac that nutrients need 
to be released into the circulation? 
How are the different nutrient storage 
deposits that compose the yolk (e.g. 
yolk platelets, fat droplets, glycogen) 
coordinated to provide building 
blocks for growth and fuel for energy? 
It seems likely that conserved aspects 
of amino acid sensing, growth control 
and endocrine signaling will emerge 
from such studies. Such discoveries 
could directly inform human health, 
providing one more hard-boiled 
reason to appreciate yolk. 
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